experiments on living animals might be performed. This was the first instance of such recognition for laboratories attached to a commercial firm.
During 52 years this unit has had three periods of active research interrupted by two world wars, during each of which nearly all research, except what was essential to production, ceased. During the first period from 1900 to 1914 the laboratories were directed first by Dr Walter Dowson till 1906 and then by Dr H. H. Dale till the outbreak of the first world war.
Dr W alter Dowson, though not himself an experienced scientific worker, was a capable administrator who succeeded in attracting young and well-trained scientific personnel and in creating good conditions of work for them. Among the early members of the scientific staff were a number of men who subsequently became Fellows of this Society-George Barger, H. H. Dale, A. J. Ewins, A. T. Glenny, P. P. Laidlaw and John Mellanby, and a t a somewhat later period, Harold King and J. H. Burn.
John Mellanby was the first pharmacologist appointed to the laboratories and spent several years there in studying the globulins and other proteins from horse plasma and serum. He described a method for concentrating diphtheria antitoxin without denaturation of the protein by treating the serum with alcohol a t low temperatures-a principle which has recently been brilliantly developed and extended by Cohn and his colleagues at Harvard.
A. T. Glenny, who only last year retired from the staff, controlled the production of antisera a t the laboratories for about 40 years but found time to utilize for research the wealth of material which was available to him as well as to carry out well-planned experiments on immunity.
The association of Barger, Dale, Ewins and Laidlaw during these early years was a most fruitful one. When Dale joined the staff as pharmacologist in 1904 Barger had already commenced the investigation of ergot which not only yielded valuable direct results but led to studies of even greater importance. The alkaloid, ergotoxine, was discovered through the recognition of its curious action of adrenaline reversal. Histamine, which in the intervening years has proved to be of great interest in relation to anaphylaxis and various shock-like conditions and in the immediate reaction to injury, was isolated from extracts of ergot and its pharmacological action was analyzed by Dale and Laidlaw. Other amines also engaged attention, and Dale and Barger made an extensive study of the relation of their chemical structure to sympathomimetic action.
The action of ergot in causing strong contraction of the uterus led Dale to the study of another powerful oxytocic present in extracts of the posterior lobe of the pituitary gland. This work formed the basis for the method of standardizing such extracts described by Dale and Laidlaw which is still in general use.
The observation th at a particular ergot extract had peculiar properties led to the identification in it of acetylcholine by Ewins. The discovery by Dale of the muscarine-and nicotine-like activities of this substance, by which it simulated effects of different groups of efferent nerves, provided the foundation for studies later resumed by Dale and his colleagues a t the National In stitu te ; these, with the researches of Otto Loewi, played a formative part in the modern conception of the chemical transmission of nervous stimuli.
Other im portant researches were the examination of the anaphylactic response of the uterus of the sensitized guinea-pig by Dale and investigations of the hydrogenion concentration of biological fluids by G. S. Walpole, who first organized the concentration of antitoxin at the laboratories.
The scientific staff at this time was small, less than a dozen, but they were a very active group, and during this period about 100 papers, many of them of classical importance, were published.
The year immediately preceding the outbreak of the first world war broke up this happy company. Laidlaw went to the professorship of pathology at Guy's and Dale joined the research team which was being built up by the Medical Research Council, taking with him Barger and Ewins. Dale was succeeded by Dr R. A. O'Brien who, with a greatly reduced scientific staff, was confronted by the wartime problem of a large increase in production. During the war the production demand was fully met and large quantities of tetanus and diphtheria antitoxins, antigangrene sera and typhoid vaccines were made available for the forces.
Shortly after the war Mr Wellcome bought a property of rather more than 100 acres a t Langley Court, Beckenham (figure 2, plate 5), and the move there was made in 1922. During the period between the two world wars the scientific staff gradually increased in number, reaching a total of 28 in 1939. Of the staff in this interwar period three more were later to become Fellows of this Society-Percival Hartley, J. H. Gaddum and J. W. Trevan.
Between 1921 and 1939 over 300 papers were published. Glenny now had his most productive period. He had already discovered the difference in effect between primary and secondary stimuli in active immunization, though the publication of this work had been delayed, and he now contributed year by year a series of papers on active and passive immunization mainly concerned with the response to diphtheria toxin. W ith Pope and Miss Hopkins he was early in the field in the conversion of toxin to toxoid by formaldehyde, and he and his colleagues discovered the advantageous effect of precipitating toxin with alum. Alum-precipitated toxoid (a.p .t.), and indeed other alum-precipitated toxoids, have since been very widely used for immunization.
O'Brien was the first in this country to carry out Schick testing and was a pioneer advocate of active immunization against diphtheria. Dalling's work contributed much to the control of lamb dysentery, a disease which formerly killed many thousands of lambs each year in Britain. He identified the causative organism and showed th a t the pregnant ewe could be actively immunized by vaccination and could transm it effective immunity to its offspring. W ith Glenny he elaborated an antitoxic serum for the passive protection of newly born lambs.
Hartley during 1920 and 1921 developed a medium for the production of diphtheria toxin which has found worldwide use and made possible uniform production of 29-2 potent diphtheria toxin. This work has been the basis of the great improvements in toxin production which have been made since th at time. He was also a pioneer in the rapid drying at low temperatures of sera and other protein solutions, developing a method which he found most useful during the next 25 years when he was in charge of the Standards Laboratory a t the National Institute for Medical Research.
Dalling made generally available the method of immunization against dog distemper which has been developed by the researches of Laidlaw and Dunkin at the National Institute for Medical Research.
Pope made an important contribution in developing a method for concentrating antitoxic sera which depended upon preliminary digestion and heat denaturation of unwanted proteins. The use of this and other methods of serum concentration has greatly diminished the incidence of serum sickness after the therapeutic use of antitoxin.
During this period much attention was directed to accurate methods of standard ization of therapeutic substances, and Trevan, in 1927, published an im portant paper on the statistical basis of determinations of th 6 lethal dose and other biological end-point reactions, which has had a wide influence on the design of methods of bio-assay.
During the period immediately before the second world war Buttle and his associates were actively engaged in studies on chemotherapy, particularly on sulphone derivatives and sulphonamide.
During the early part of the recent war, under the direction of Dr R. A. O'Brien and after 1941 under Dr J. W. Trevan, the laboratories were faced with an even larger production demand than in the first world war. Vast quantities were made and issued of tetanus and gas gangrene antitoxins, tetanus toxoid, and the major part of the diphtheria prophylactics used by the Ministry of Health in its free immunization campaign. Additional laboratory accommodation was needed and the L.C.C. made available their laboratories a t Carshalton and Belmont. Over 1000 horses had to be maintained for the manufacture of sera and stabling accom modation was acquired in various parts of the country, some even so far afield as Doncaster. When the Veterinary Research Station was established at Frant, in Sussex, in 1943 some further stabling accommodation had to be provided there.
During the latter part of the war a large mechanical surface culture plant was set up at Beckenham for the manufacture of penicillin, but in 1945, when it became apparent that manufacture by the bottle process could not compete economically with deep culture, its use was discontinued. Before it was closed down some streptomycin was produced for experimental purposes in a portion of the plant. Work on antibiotics was now confined to search for new ones in a small unit at Belmont, which had been used for the manufacture of penicillin, and later in the main laboratories at Beckenham.
At the end of the war diminished production again made possible increased research activity and there has been a large increase in the number of papers issuing from these laboratories. The most important recent work of which mention should be made are further studies on immunity, on the toxins of the Cl. welchii group, on the pharmacology of ' Sulphetrone ' and streptomycin, work on the pro duction of diphtheria toxin by deep culture, the development of a new method of refinement applicable to antibacterial sera which depends on precipitation with ammonium sulphate in the presence of tricresol, and studies on ' Aerosporin', a new antibiotic which covers part of the bacterial spectrum not adequately covered by either penicillin or streptomycin. Aerosporin appears not readily to allow of the production of resistant bacterial strains, and gives promise of real value in the treatm ent of whooping cough and of some other diseases caused by Gram-negative organisms.
T h e W ellco m e V e t e r in a r y R e s e a r c h S t a t io n
By the end of 1943 it had become apparent th at the property a t Beckenham was not adequate for the satisfactory breeding of the large number of small animals needed for testing and research, and a farm of more than 300 acres was purchased at Ely Grange, F rant (figure 7, plate 8). Here small animals could be bred under isolated conditions, particularly ferrets for developmental research on distemper products. Here too the green food needed for stock animals and those under experiment at Beckenham could be grown and a suitable place was provided for the investigation of diseases of larger animals, particularly of sheep and cattle. The scientific staff, under the direction of Dr R. F. Montgomerie, has ranged from three to six in number and the chief problems so far studied there have been mastitis in milking herds, bovine infertility, problems connected with small animal breeding and the study of immunity against louping ill. At the end of 1946 a temporary Artificial Insemination Centre was set up there in collaboration with the Milk Marketing Board.
The smooth development of the Frant farm as a veterinary research station suffered somewhat from the war enterprise given the secret name of the ' Tyburn ' operation, which was carried out there in 1945. By the end of 1944 it had become apparent th a t scrub typhus might be a serious menace to jungle operations in south-east Asia and elsewhere, and the War Office decided to have made on a large scale the scrub typhus vaccine which had been devised by Fulton and Joyner at the National Institute for Medical Research using the lungs of cotton rats infected with the causative rickettsiae. The Ministry of Supply with the advice of the Medical Research Council requested the Wellcome Foundation to undertake this task and the Medical Research Council seconded to us Dr M. van den Ende to take charge of the scientific side of the operation and direct the developmental and other researches which were carried out during its progress. The manufacture of the vaccine involved the importation by air from America of thousands of cotton rats and the simultaneous breeding of large numbers of these animals in this country. Ely Grange, Frant was selected for the enterprise as being sufficiently isolated and as providing accommodation for the workers engaged in a difficult and dangerous project. The scientific personnel, nine in number, were partly civilian and partly officers of the R.A.M.C. and the A.T.S. and the sixty technical personnel were R.A.M.C. laboratory technicians and A.T.S. who volunteered for the work.
The laboratories were built in 109 days and the preparation of vaccine was started on 1 May 1945. Between th at date and 31 October, when manufacture was discontinued, 300 1. of vaccine, enough to vaccinate 100,000 men, were made. This was a highly dangerous technical operation involving inoculation of cotton rats by insufflation with a seed suspension of rickettsiae from the lungs of mice infected in the same way. The rats were kept for several days and died or were killed, the lungs being harvested and emulsified to make the vaccine which was treated with formalin to kill the rickettsiae. The workers engaged in the manufacture were vaccinated and the most dangerous operations were carried out in cabinets venti lated by suction, the air from these being sterilized by special furnaces on the roof of the laboratories. A good many other precautions were used-the air in the laboratories was treated by aerosols of lactic acid and very carefully controlled procedures were laid down to minimize risk. Despite these precautions, four workers were accidentally infected. All had, of course, been protected by vaccination and fortunately made uneventful recoveries. When the Laboratories were founded, Mr Wellcome persuaded his friend, F. B. Power, to come over from America and take charge of them. During Power's directorship work was mainly concentrated on increasing systematic knowledge of the chemical constituents of plants used in medicine, and a wide range of these was investigated. During this period in the development laboratories at Dartford Dr H. A. D. Jowett carried out his work on the constitution of pilocarpine which was shown to contain a glyoxaline nucleus, Dr F. L. Pyman synthesized two other physiologically important glyoxaline derivatives, histidine and histamine, and Jow ett and Pyman did their work on the tropine esters.
When Pyman followed Power as Director of the Chemical Research Laboratories in 1914 attention was focused on synthetic drugs and alkaloids. Pyman continued the fruitful studies commenced a t Dartford on the ipecacuanha alkaloids. Dr Harold King carried out his important work on the resolution of the optically active components of hyoscine. The Laboratories during the first world war were also faced with the problem of devising means of replacing German synthetic drugs, the most important of which was arsphenamine.
When Dr Henry became Director in 1919 the main interest of the Laboratories was turned towards the chemotherapy of tropical disease. Some synthetic compounds were prepared for the treatm ent of hookworm and the investigation of chenopodium oil which was being extensively used for this purpose showed th a t its only active component was ascaridole. Work on the antimony compounds for the treatm ent of kala azar resulted in the synthesis of the A-glucoside of p-aminophenyl stibonic acid ('Neostam '). Ju st before the second world war a new pentavalent antimony compound was devised in Germany for the treatm ent of kala azar, and early in the war the composition of this drug was determined and a process designed for its manufacture.
Work on antimalarials included an extensive investigation of the alkaloids of the genus Alstonia and a study, carried out on behalf of the Malaria Commission of the League of Nations, of the composition and standardization of the quinine alkaloids.
The 4-4'-diaminodiphenylsulphone .derivative, 'Sulphetrone ', which shows promise in the treatm ent of leprosy was also synthesized in these laboratories. * Meanwhile a t the Development Laboratories a t Dartford, under Dr Sydney Smith's direction, research on ephedra led to the isolation of two new alkaloids. Here too Dr Smith isolated digoxin, the pure crystalline glucoside of Digitalis lanata.
When Dr Henry retired in 1944 Dr Smith took charge of the main laboratories which were to be established at Beckenham when the new building (figure 6, plate 7) was completed. In the meanwhile accommodation was found for Dr Smith and three of his colleagues in one of the more modern laboratories a t Langley Court where this team worked on penicillin synthesis making an im portant contribution in the isolation of penillic acid. The move into the new building took place in 1946, a portion of it being used to house part of the chemotherapeutic testing unit.
The new laboratories have been working for too short a period for more than the most general report of their activities to be made. A number of new phenanthridinium compounds, active against more than one species of trypanosome, have been synthesized, interesting studies have been made on the chemistry of the new antibiotic, Aerosporin, and work on substitutes for d-tubocurarine and on analgesics and antiasthmatics has been in progress.
T h e W ellcom e L a b o r a t o r ie s o f T r o pic a l M e d ic in e
Mr Wellcome's first venture into tropical research was conducted to some extent vicariously. In 1901 he offered to the Gordon Memorial College, Khartoum, equipment for chemical and bacteriological laboratories, the College being respon sible for the building and for the selection and support of the scientific staff. The Wellcome Tropical Research Laboratories so founded continued until 1935 when they were closed down by the Sudan Government, the space occupied by them being needed for other purposes. The first Director of these Laboratories was Dr Andrew Balfour. In 1907 Mr Wellcome provided a floating laboratory to carry research to regions which were otherwise not readily accessible and Dr C. M. Wenyon was placed in charge of this.
In 1913 the Wellcome Bureau of Scientific Research was founded with Andrew Balfour as Director and as Director-in-Chief of all the various research units which Mr Wellcome had set up. The Bureau was to be a centre in London for the study of tropical disease with the important function of supplying information to workers abroad, and its staff included C. M. Wenyon as protozoologist, A. C. Stevenson as pathologist and M. E. MacGregor as entomologist.
Shortly after the Bureau had been established the first world war broke out and the Bureau was placed at the disposal of the War Office. I t played an important part in training medical officers in tropical disease and Dr Balfour wrote the wellknown 'Memoranda on Medical Diseases in the Tropical and Sub-Tropical War Areas '. Balfour and Wenyon spent most of the war years a t various fronts mainly acting as consultants; and Wenyon did his important work on amoebic dysentery in Egypt and on malaria in Macedonia.
During the war the development of the Bureau was necessarily inhibited, but when the war ended its staff was increased and in 1920 it moved from Henrietta Street to more commodious premises a t Endsleigh Gardens. From this time till the present it has had generally 9 to 11 senior scientific workers on its staff.
In 1923 Balfour resigned, becoming Director of the newly-created London School of Hygiene and Tropical Medicine, and Wenyon succeeded him as Director of the Bureau of Scientific Research and Director-in-Chief of the Wellcome Research Institution. The policy was followed of seconding workers to various laboratories abroad; for example, in 1927 C. A. Hoare went to work on trypanosomiasis in the Sleeping Sickness Laboratory at Entebbe, and later G. M. Findlay made numerous ventures in different parts of the world to study yellow fever and other diseases. The Bureau was also available for guest workers, and it is of interest th at in 1928 Dr E. Hindle began there his work on yellow fever for the Yellow Fever Commission of the Colonial Office, in which he carried out the first preventive vaccinations on monkeys with formalinized virus.
In 1932 the building in the Euston Road (figure 1, plate 5) was erected to house the Museums, the Bureau and the Chemical Research Laboratories. In their new quarters work was now begun on virus diseases, and on leptospiral infections. The manufacture of yellow fever vaccine on a laboratory scale was started by G. M. Findlay, who had visited the United States to study the methods of research and manufacture at the Rockefeller Institute. Numbers of service personnel were inoculated year by year and, when the second world war broke out, free inoculation was continued on a large scale subsidized to some extent by the Colonial Office until the end of the war.
The problem of infective hepatitis and of serum jaundice had in the intervening years engaged the attention of workers at the Bureau and during the war F. O. MacCallum was seconded to work at Cambridge on a special enquiry concerning infective hepatitis, financed by the Medical Research Council.
In 1944 Dr Wenyon retired and the departmental controls were reorganised. I joined the staff as Director-in-Chief and Dr N. H. Fairley was invited to become Director of the Laboratories of Tropical Medicine and also professor in the new Chair of Tropical Medicine founded by the Wellcome Trustees a t the London School of Hygiene and Tropical Medicine. Fairley, however, found himself so fully occupied by his professorial duties th a t he resigned and was succeeded late in 1946 by Brigadier J. S. K. Boyd who had just retired from the directorate of pathology at the W ar Office.
The Bureau of Scientific Research, or to use its present name, the Wellcome Laboratories of Tropical Medicine, during its 34 years existence has had a dis tinguished record in research in tropical disease, and 8 books and more than 560 papers have been contributed by members of its staff, the most im portant being C. M. Wenyon's classical Manual of Protozoology published in 1926.
The main problems on which work is now in progress concern bacteriophages, the tissue culture of protozoa, the serology of leptospirosis and the chemotherapy of tropical diseases ( figure 4, plate 6 ).
The policy of sending workers abroad is being continued-Dr J. M. Watson having spent most of last year in Egypt studying bilharzia, a member of the Egyptian State Health Service having been an exchange guest worker in the laboratories here.
Closely associated with the Bureau are the Entomological Field Laboratories which were opened at Wisley in 1920 by Mr M. E. MacGregor. In 1921 the labora tories were moved to new premises a t Esher in Surrey where for the last few years Mr B. Jobling has been carrying on his beautiful anatomical and histological studies on the blood-sucking diptera. At the present time when other large and wellequipped laboratories for entomological study are available in this country there seems little justification for the continuation of this small unit. The Museum grew rapidly and in 1932 three spacious galleries (figure 8, plate 8) were provided for it in the new building in Euston Road. Here Dr Daukes set it out in admirable fashion and secured a wealth of material illustrating the aetiology, symptomatology, pathology, treatm ent and prevention of disease. There were also sections on general and special pathology. The Museum was increasingly used by students, doctors, and nurses and others and in the year before the second world war began it had over 10,000 visitors.
After the outbreak of the second world war, when it appeared likely th at London would be bombed, the Museum was dismantled and the valuable collection stored. In 1945, when this threat was removed, it was possible to re-establish it in part despite considerable damage to screens and windows caused by neighbouring bomb explosions. A beginning was made with the East wing, inv which much of the tropical material is set up, and Dr Daukes was able to complete this before he retired at the end of 1945. He was succeeded by Dr C. J. Hackett, who, before continuing the establishment of the Museum, decided to modernize its presentation. The system introduced by Daukes could not be bettered, but improvement in lighting, with re-arrangement enabling visitors more readily to grasp the essential features, will undoubtedly increase the value of this much-used collection. I t will unfortunately be several years before the Museum is complete and up-to-date in every part.
T h e W ellcom e H ist o r ic a l M e d ic a l M u s e u m
The story of the development of this museum is really a part of the story of Henry Wellcome's life. In 1905, having arranged his affairs so as to obtain more leisure, he started collecting all kinds of material connected with the history of medicine, and the idea of creating a great museum of medical history became his keenest interest till the end of his life.
In 1913, he found housing for his collection in Wigmore Street, and displayed there much of his best material. The collection, which was used for a number of important exhibitions, remained there till 1932, when the new building in Euston Road was ready for its reception. From 1924 onwards Sir Henry Wellcome devoted increasing time and energy to the collection of material. After the move to the new building the Museum was not a t once opened, but the work of sorting the material was begun. Sir Henry Wellcome, who had just been elected a Fellow of this Society, had hoped finally to settle the layout, but he died in 1936 with his plan for this still uncompleted.
In his lifetime Sir Henry Wellcome himself was Director of this Museum and it was not till 1943 th at Dr Daukes, who till his retirement in 1945 acted as Director of both Museums, proposed a plan for its re-arrangement when this could again be undertaken. At the end of 1945 this plan was in the course of being put into effect. In 1946 Dr E. Ashworth Underwood, a distinguished scholar of medical history, was appointed Director in succession to Dr Daukes and made plans to open not only the Museum but also the Library of 150,000 volumes, which till then had not been available for consultation, the work of cataloguing it being only about twothirds completed.
Unhappily last year the Museum had a further and most disappointing setback, which will delay for some years its establishment in the building in which Wellcome had planned to house it. In 1940 when the central offices of the business at Snow Hill were completely destroyed it was necessary th at its administrative staff should be given immediate accommodation within the building in Euston Road. This was not a serious m atter during the war, since considerations of safety of the valuable material limited the use of the galleries as a Museum. In due course premises were found on short lease for housing most of the business and administrative staff, in the expectation th a t a t the end of the war new accommodation could be built to take the place of the offices destroyed by enemy action.
When in 1947 the temporary lease of these premises came to an end, prolonged and active search during two years through the whole of London for suitable premises having failed and the prospect of building new offices being removed to an uncertain future, nothing remained but to house the business activities in the building in Euston Road and to put most of the Museum material into store, until such time as the galleries once more become available for its display.
Fortunately, however, the Wellcome Trustees have been able to secure accom modation to house Dr Underwood and the Museum staff, and to afford them opportunity to continue their researches, as well as to give limited public exhibitions of valuable parts of the collection from time to time. The Library, though not ideally set up, remains in the Euston Road building and will be available for consultation by scholars interested in the history of medicine.
Having now traced the history of this rather complex research organization which Henry Wellcome built up it remains to get its structure into perspective and to indicate.the causes of its early success. Wellcome was an autocrat and during his lifetime rigidly controlled the organization in the directions he desired. He early recognized the importance of scientific research for the development of his business interests and in the process gained an enthusiasm for the application of science in all three of the ways Sir Edward Appleton has recently described, ' applied research, objective fundamental research and free fundamental research'. The scientific workers whom he engaged were allowed to work largely on subjects of their own choice although he sometimes suggested topics in which he was particularly interested. They were also at liberty to publish the results of their researches and were thus not detached by rules of secrecy from their academic colleagues. This, fifty years ago, must have been an unusual situation to be occupied by men who had been attracted to industrial laboratories. The application of this policy was in the main responsible for the scientific distinction of the workers in the laboratories and for the high reputation of the laboratories themselves.
Wellcome's interest in education resulted in the development of the Museum and Library of Historical Medicine, the Bureau of Tropical Medicine and the Museum of Medical Science. The close collaboration of these last two units with the Tropical Diseases Hospital and the London School of Hygiene and Tropical Medicine has helped to make London an im portant centre for the study of tropical disease.
Though these educational units were within the framework of the business, Wellcome made some attem pt to set them apart when he designed the great building in Euston Road to house them, but the second world war and its aftermath have prevented the smooth development of his large conception.
In the meanwhile the research organization must be directed towards increasing the prosperity of the business and the funds available to the Trustees for the broad purposes indicated by the Founder's will. In this country the Foundation has extensive and well-equipped laboratories and a t the present time has a staff of about 80 graduate scientific workers, a large number of skilled technicians and many young* men and women who are acquiring university degrees while they are engaged as technical assistants. This does not include the staff of the Chemical and Pharmaceutical Development Laboratories a t the Works a t Dartford who are responsible, under the direction of Dr Denis Wheeler, for the improvement of the processes in operation there as well as for development to the stage of production of projects handed over by the research staff. On the biological side there is no segregation of development and a good many of the scientific workers at the Beckenham laboratories are engaged in production of biological products for the improvement of which continuous developmental work is required.
As the research organization increased in size there was until recent years some tendency for units, and even for departments within units, to work independently. This has been discouraged and a degree of plasticity has been achieved which enables a number of workers to be concentrated on any urgent problem. Our current researches are co-ordinated with those being carried out in the research unit in our New York company and each part of the organization is being made aware of what is going on elsewhere. This important objective is being achieved by the circulation of regular reports on the progress of research projects, by visits between the units and by annual research meetings, attended by all the workers at which the current researches are reviewed and new projects indicated. In addition to these more general meetings the workers engaged in each project meet for frequent consultation and from time to time their projects are reviewed more formally, in the light of the current project reports, by myself and the heads of the research units concerned.
Publication remains free and is encouraged, and, though the bulk of work done is directed specifically towards the discovery of new therapeutic agents and there fore comes into the category of applied research, fundamental studies of the objective type form an important part of our programme. 
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This part is concerned with the changes in bond order that take place in a conjugated system when the resonance integral of a bond, or the coulomb term of an atom is altered. It is shown that the sign of the mutual polarizability of two bonds in a chain depends upon whether there is an even or odd number of other bonds between them. Numerical values are given for mutual bond polarizabilities in some important hydrocarbons, and it is found that in the polyenes the effect of a perturbation decreases rapidly with distance along the chain. The effect of hetero-substitution on bond orders is considered, and the results compared with the predictions of the qualitative resonance theory.
I n t r o d u c t io n
The definitions of mobile bond order and total bond order given in part I were originally introduced by Coulson (1939) , who calculated bond orders for a number of unsaturated hydrocarbons and found a smooth relation between bond order and bond length. In this paper we shall be primarily interested in changes in bond order, consequent upon changes in Coulomb terms or resonance integrals. Such changes occur when, for example, a molecule vibrates, owing to the variation of resonance integral with bond length, or when one or more atoms in a molecule are altered, as in chemical substitution. In this investigation we shall use the notation and nomen clature given in part I of this series; in particular, the concept of mutual bond polarizability is helpful when we are discussing changes in bond order arising from
